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BACKGROUND OF THE INVENTION 

15 

Field of th« Invention 

The present invention relates generally to the fields of 
applied physics and chemical vapor deposition of dielectric films. 
More specifically, the present invention relates to a method of 
20 low temperature deposition of a tantalum oxide dielectric film 
using a liquid precursor during metal organic chemical vapor 
deposition. 

25 Description of the Re.lateH Ait 

The current trend toward higher density memories in 
DRAM capacitors together with the concomitant shrinking of 
device geometries to 0.35 jum or less and decreases in cell size 
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requires better dielectric films for these structures. As the next 
generation DRAM technology evolves, it will become necessary to 
use three-dimensional capacitors despite the thin capacitor 
dielectrics employed. These DRAM devices require a high 
capacitance density and a small leakage current, even when the 
dielectric film is thin. 

In metal-insulator-metal capacitors, tantalum pentaoxide 
(Ta 2 O s ) is a preferred material for capacitor dielectrics. 
Although other dielectric films have higher fc- values than 
tantalum pentaoxide (fc~25 for amorphous Ta 2 O s ), they can be 
more difficult to integrate in device structures than tantalum 
pentaoxide. Regardless, with standard processing techniques, 
tantalum pentaoxide dielectric thin films are still difficult to 
deposit, e.g., control the dielectric composition such that the 
deposited film has high capacitance . and low leakage current 
densities. 

If the films are being used as capacitor dielectrics for 
DRAM applications, it is advantageous to use a chemical vapor 
deposition process (CVD), preferably using a metal-organic 
precursor. The use of liquid-source metal-organic precursors in 
the CVD of dielectric films provides a means to deposit high 
quality tliin-films with excellent step-coverage. In current 
MOCVD applications, tantalum pentaoxide films are deposited in 
an oxygen ambient using either TAETO or TAT-DMAE as the liquid 
precursor. 
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As-deposited " tantalum pentaoxide films, i.e., not yet 
annealed, are typically characterized by a high density of 
compositional and structural defects. These defects are 
incorporated in the film during the deposition process, and result 
5 in a relatively high leakage current density compared to that for 
an annealed film. As a result, tantalum pentaoxide films generally 
require an additional oxidation (i.e. annealing) step, to improve 
the film stoichiometry and reduce the defect density. However, 
an oxidizing environment can also cause the formation of 
10 parasitic oxides or oxy-nitrides at the electrode interface, which 
tend to lower the capacitance density. Thus in order to optimize 
the electrical performance of tantalum pentaoxide, both the 
deposition and anneal conditions must be carefully 1 controlled to 
lower the defect density in the film while simultaneously 
15 minimizing the formation of any interfacial oxides. 

The prior art is deficient in the lack of an effective 
method to rapidly deposit (>0.5-l Angstrom/second) tantalum 
pentaoxide at low temperatures and pressures. The metal- 
20 organic chemical vapor deposition of tantalum pentaoxide 
dielectric films by direct injection of an oxygen-free liquid 
precursor fulfills this long-standing need and desire in the art. 

25 
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SUMMARY OF THE INVENTION 

One embodiment of the present invention is a method 
of depositing tantalum pentaoxide, comprising the step of vapor- 
5 depositing the tantalum pentaoxide from an oxygen-free liquid 
precursor and under process conditions comprising a vaporizer 
temperature of less than about 180°C, a deposition temperature 
of less than about 500°C and a deposition pressure of less than 
about 96 Torr such that the tantalum pentaoxide is integrated 
10 into the MIM capacitor. 

. Another embodiment of the present invention is a 
method of depositing tantalum pentaoxide, comprising the step 
of vapor-depositing the tantalum pentaoxide from an oxygen-free 

15 liquid precursor and under process conditions comprising a 
vaporizer temperature from about 100°C to about 180°C, a 
deposition temperature from about 300°C to about 500°C and an 
atmospheric pressure from about 0.5 Torr to about 96 Torr, such 
that the tantalum pentaoxide is integrated into the MIM 

20 capacitor. 

Other and further aspects, features, and advantages of 
the present invention will be apparent from the following 
description of the presently preferred embodiments of the 
25 invention given for the purpose of disclosure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



So that the matter in which the above-recited 
features, advantages and objects of the invention, as well as 
5 others which will become clear, are attained and can be 
understood in detail, more particular descriptions of the 
invention briefly summarized above may be had by reference to 
certain embodiments thereof which are illustrated in the 
appended drawings. These drawings form a part of the 
10 specification. It is to be noted, however, that the appended 
drawings illustrate preferred embodiments of the invention an.d 
therefore are not to be considered limiting in their scope. 

Figure 1 depicts the Arrhenius plot for tantalum 
15 oxide deposition using ethylimino ethyl(CN) 

tris(diethylamido)tantalum (Figure 1A) and butylimino 
tris(diethylamino) tantalum (Figure IB). For tantalum 
pentaoxide deposition using butylimino tris(diethylamino) 
tantalum, vaporizer temperature was 120°C, pressure was 4Torr 
20 and the flow rate was 75 mg/min. 

Figure 2 depicts the deposition rate of tantalum 
oxide (Ta 2 O s ) ' versus ethylimino ethyl(CN) 

tris(diethylamido)tantalum (EITDET-c) flow rate at 4 Torr and 
25 400 °C. The vaporizer temperatures are -100 °C, -125 °C and 
-150 °C. 
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Figure 3 depicts the deposition rate of tantalum 
oxide (Ta 2 O s ) versus total pressure at a flow rate of 50 mg/min of 
ETTDET precursor and a wafer temperature of 400 °C. The 
vaporizer temperatures are 100 °C and 150 °C 

5 

Figure 4 depicts the deposition rate of tantalum 
oxide (Ta 2 0 5 ) on -20 A plasma oxide and native oxide versus total 
pressure at a flow rate of 100 mg/min. of EITDET-c precursor, a 
vaporizer temperature of 150 °C and a calibrated wafer 
10 temperature of 400°C. 

Figure 5 depicts the effect of the TBTDET flow rate 
on the deposition rate. The vaporizer temperature is 180°C, 
wafer temperature is 400°C and the chamber pressure is at 4 
15 Torr. 

Figure 6 depicts the effect of the process pressure on 
the deposition rate. The vaporizer temperature is 120°C, wafer 
temperature is 400°C and the TBTDET flow rate is 75 mg/min. 

20 

Figure 7 depicts the variation of oxygen flow and 
oxygen/nitrogen ratio during a TBT-DET process splits for RBS 
data (Fig. 7A) and XPS data (Fig. 7B). depicts the percentage 
elemental concentration of tantalum, oxygen, nitrogen, and 
25 carbon in an as-deposited tantalum pentaoxide film grown using 
the TBTDET precursor. The analytical methods used to obtain the 
atomic concentration data are Rutherford back-scattering 
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spectroscopy (RBS) (Fig. 7A) and X-ray photoelectron 
spectroscopy (XPS) (Fig. 7B). 

5 

DETAILED DESCRIPTION OF THE INVENTION 

One object of the present invention is a method of 
depositing tantalum pentaoxide, comprising the step of vapor- 
10 depositing the tantalum pentaoxide from an oxygen-free liquid 
precursor and under process conditions comprising a vaporizer 
temperature of less than about 180°C, a deposition temperature 
of less than about 500°C and a deposition pressure of less than 
about 96 Torr such that the tantalum pentaoxide is integrated 
15 into the MIM capacitor. The oxygen-free liquid precursor is 
delivered via direct injection for use in a metalorganic chemical 
vapor deposition applicaton. A representative example of the 
oxygen-free liquid precursors is a 70:30 mixture by weight of 
ethylimino tris(diethylamino) tantalum and ethylimino ethyl(CN) 
20 tris(diethylamido)tantalum (EITDET-c). Other examples include 
ethylimino tris(diethylamino) tantalum (ETTDET), and" butylimino 
tris(diethylamino) tantalum (TBTDET). Additionally, a vaporizer 
temperature from about 100°C to about I80°C, a deposition 
temperature from about 300°C to about 500°C and a deposition 
25 pressure from about 0.5 Torr to about 96 Torr are selected. 

Another embodiment, the present invention is 
directed a method of depositing tantalum pentaoxide, comprising 

7 
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the step of vapor-depositing the tantalum pentaoxide from an 
oxygen-free liquid precursor and under process conditions 
comprising a vaporizer temperature from about 100°C to about 
180°C, a deposition temperature from about 300°C to about 
5 500°C and an atmospheric pressure from about 0.5 Torr to about 
96 Torr, such that the tantalum pentaoxide is integrated into the 
MIM capacitor. 

The oxygen-free liquid precursor is delivered via 
10 direct injection for use in a metalorganic chemical vapor 
deposition applicaton. A representative example of the oxygen- 
free liquid precursors is a 70:30 mixture by weight of ethylimino 
tris(diethylamino) tantalum and ethylimino ethyl(CN) 
tris(diethylamido) tantalum (EITDET-c). Other representative 
15 examples include ethylimino tris(diethylamino) tantalum 
(EITDET) and butylimino tris(diethylamino) tantalum (TBTDET). 

Tantalum pentaoxide dielectric films can be deposited 
at a low temperature, i.e., less than about 450° using an oxygen- 

20 free liquid precursor. The critical parameters in this process are 
the selection of the vaporizer temperature, deposition 
temperature and total deposition pressure. Some examples of 
these compounds are EITDET-c which is a 70:30 mixture by weight 
of ethylimino tris(diethylamino) tantalum and ethylimino 

25 ethyl(CN)tris (diethylamide) tantalum, tertiary-butylimino 

tris(diethylamino) tantalum (TBTDET) and ethylimino 
tris'(diethylamino) tantalum (EITDET). It should be expected by 
one having ordinary skill in this art that any other oxygen-free 

8 
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tantalum-containing metal-organic precursor would deposit 
tantalum pentaoxide films in a similar manner as under the same 
conditions as used for TBTDET, EITDET and EITDET-c. 

ffigh rates of tantalum pentaoxide" deposition in an 
oxidizing ambient are obtained over a temperature range of from 
about 300°C to, about 500° C for total pressures from about 0.5 
Torr to 96 Torr. This rate of deposition is approximately 10 
times faster than that achieved using tantalum pentaethoxide 
(TAETO) under comparable conditions. Furthermore, the 
deposition rate is enhanced if the liquid precursor is vaporized 
using the direct liquid injection method at temperatures from 
about 100°C to about 180°C. 



15 The following examples are given for the purpose of 

illustrating various embodiments of the invention and are not 
meant to limit the present invention in any fashion. 
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EXAMPLE 1 

Arrhe.nins stnHiftg nf EJXDETrC *ru\ T^TT^ f 

The deposition temperature is varied for both EtTDET- 
25 c and TBTDET. precursors to determine the temperature 
dependence of the deposition rate using Arrhenius plots (log 10 
deposition rate vs. 1/T). Arrhenius plots are used to understand 
the reaction kinetics and thus determine the temperature 

9 
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sensitivity of the CVD process. The Arrhenius plot for EITDET-c 
shows an activation energy (E a ) of 1.07eV (Fig. 1A) whereas the 
Arrhenius plot for TBTDET shows an activation energy more than 
twice that of EITDET-c at 2.69eV. 



EXAMPLE 2 

10 Deposition characteristics of tantalum pentaoxide dielectric films 

using ETTDFT-c 

EITDET-c flow rate is a variable in the deposition rate 
of tantalum pentaoxide films. Figure 2 examines the effect of 
increasing the ElTDET-c flow rate on the deposition rate of these 

15 films at vaporization temperatures of ~100°C, ~125°C and ~150°C. 
Chamber pressure is 4 Torr and the deposition temperature is 
400°C. The deposition rate of tantalum pentaoxide is significantly 
increased as EITDET-c flow rates increase at higher vaporizer 
temperatures. At a 50 mg/minute flow of EITDET-c with a 

20 vaporizer temperature of ~150°C, the deposition rate is -70 
A/minute, a 20% increase over deposition rate with a vaporizer 
temperature of ~100°C. Additionally, at the lower vaporization 
temperatures the deposition rate levels off at a flow rate of 4 0 
mg/minute of EITDET-c. 

25 

Using this optimum flow rate of 50 mg/min. EITDET-c, 
Figure 3 depicts the change in deposition rate of tantalum 
pentaoxide as a function of total pressure for vaporizer 

10 
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temperatures of 100°C and 150°C. Again the higher vaporization 
temperature yields better deposition of films as total pressure 
increases. However, even for optimum conditions, the deposition 
rate appears to decline as pressure increases. 

Figure 4 examines the deposition rate of tantalum 
pentaoxide films on ~20A plasma oxide and on native oxide as a 
function of total pressure using a flow rate of 100 mg/min of 
EITDET-c vaporized at 150°C. Under these conditions, the 
deposition rate increases dramatically for pressures up to about 
32 Torr for deposition on native oxide. However on ~20A plasma 
oxide, deposition levels off at 32 Torr and even decreases as the 
total pressure increases. Therefore, vaporization? temperature 
and total pressure can be tuned to achieve the desired deposition 
rate. 

EXAMPLE 3 

20 Deposition c ha r a cteristics of t a n ta lum p entaoxide dielectric films 
using TBTDFT 

TBTDET is also an oxygen-free tantalum containing 
liquid precursor used for the deposition of tantalum pentaoxide 
films. Figure 5 examines the effect of the TBTDET flow rate on the 
25 deposition rate of tantalum pentaoxide films. TBTDET is 
vaporized at a temperature of 180°C with a wafer temperature of 
400°C and a chamber pressure of 4 Torr. The deposition rate at 
12 Torr is significantly greater than that at 4 Torr; i.e., HOA/min. 

1 1 
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as compared to about 55A/min„ for a flow rate of 100 rag/min. 
In fact at 4 Torr of pressure the deposition rate levels off when 
the flow rate reaches about 55 mg/min. 

5 Figure 6 depicts the variation of deposition rate with 

process pressure for a flow rate of 75 mg/min. of TBTDET 
vaporized at a temperature of 120°C and a wafer temperature of 
400°C. The deposition rate is seen to increase almost linearly over 
the range of 2 to 32 Torr. 

10 

The percentage elemental concentration of tantalum, 
oxygen, nitrogen, and carbon atoms in the as-deposited tantalum 
pentaoxide film is plotted in Figures 7A and 7B as a function of 
the p [oxidizer (0 2 or N 2 0)] / p[nitrogen] partial pressure ratio 

15 and oxidizer flow rate. These films were deposited using TBTDET 
as the liquid precursor, and the % atomic concentrations give an 
indication as to the composition of the film (note that for a 
perfectly stoichiometric Ta 2 O s film, one would expect to see 
28.6% tantalum and 71.4% oxygen). The % atomic 

20 concentrations were measured using both Rutherford back- 
scattering spectroscopy (RBS) (Fig. 7A) and X-ray photoelectron 
spectroscopy (XPS) (Fig. 7B). 

As is seen in Figures 7A and 7B, there is a significant 
25 concentration of atomic nitrogen and carbon incorporated in the 
as-deposited films. It is also seen that the relative % atomic 
concentrations of tantalum, oxygen, carbon, and nitrogen vary 
with relative amounts of oxygen (nitrous oxide) and nitrogen 

12 
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used during the deposition process. This data is crucial in 
determining the type of annealing process required to increase 
the oxygen content in the film, while simultaneously reducing the 
levels of residual carbon and nitrogen. 

5 

Any patents or publications mentioned in this 
specification are indicative of the levels of those skilled in the art 
to which the invention pertains. These patents and publications 
are herein incorporated by reference to the same extent as if 
10 each individual publication was specifically and individually 
indicated to be incorporated by reference. 

One skilled in the art will readily appreciate that the 
present invention is well adapted to carry out the objects and 

15 obtain the ends and advantages mentioned, as well as those 
inherent therein. It will be apparent to those skilled in the art 
that various modifications and variations can be made in 
practicing the present invention without departing from the spirit 
or scope of the invention. Changes therein and other uses will 

20 occur to those skilled in the art which are encompassed within 
the spirit of the invention as defined by the scope of the claims. 
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WHAT IS CLAIMED IS: 

1. A method of depositing tantalum pentaoxide, 
comprising the step of: 

5 vapor-depositing the tantalum pentaoxide from an 

oxygen-free liquid precursor and under process conditions 
comprising a vaporizer temperature of less than about 180°C, a 
deposition temperature of less than about 500°C and a deposition 
pressure of less than about 96 Torr such that the tantalum 
10 pentaoxide is integrated into the MIM capacitor. 

2. The method of claim 1, wherein the oxygen-free 
liquid precursor is delivered by direct injection for use during a 

15 metalorganic chemical vapor deposition application. 

3. The method of claim 1, wherein the oxygen-free 
liquid precursor is a 70:30 mixture by weight of ethylimino 

20 tris(diethylamino) tantalum and ethylimino ethyl(CN) 
tris(diethylamido)tantalum. 

4. The method of claim 1, wherein the oxygen-free 
25 liquid precursor is selected from the group consisting of 

ethylimino tris(diethylamino) tantalum and butylimino 
tris(diethylamino) tantalum. 

14 
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5. The method of claim 1, wherein the vaporizer 
temperature is from about 100°C to about 180°C. 



5 



6. The method of claim 1, wherein the deposition 
temperature is from about 300°C to about 500° C . 



10 1 ■ The method of claim 1, wherein the deposition 

pressure is from about 0.5 Torr to about 96 Torr. 

8. A method of depositing tantalum pentaoxide, 
15 comprising the step of : 

vapor-depositing the tantalum pentaoxide from an 
oxygen-free liquid precursor and under process conditions 
comprising a vaporizer temperature from about 100°C to about 
180°C, a deposition temperature from about 300°C to about 
20 5 00°C and a deposition pressure from about 0.5 Torr to about 9 6 
Torr, such that the tantalum pentaoxide is integrated into the 
MIM capacitor. 

25 9. The method of claim 8, wherein the oxygen-free 

liquid precursor is delivered by direct injection for use during a 
metalorganic chemical vapor deposition application. 

15 
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10. The method of claim 8, wherein the oxygen-free 
liquid precursor is a 70:30 mixture by weight of ethylimino 
tris(diethylamino) tantalum and ethylimino ethyl(CN) 
tris(diethylamido) tantalum. 

1 1 . The method of claim 8, wherein the oxygen-free 
liquid precursor is -selected from the group consisting of 
ethylimino tris(diethylamino) tantalum and. butylimino 
tris(diethylamino) tantalum. 
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